The effects of different types of mole drains on some clay soil properties and wheat yield were tested in this study. The experimental studies were conducted in heavy clay soil. Moles were composed of 3 different materials; compost, sand and mixture of compost with sand (1:1). Two depths of moles (0.3 and 0.5 m) and three distances among moles (10, 15 and 20 m) were investigated in this work. The results indicated that: -The Piezometric head increases as the distance among moles increases and vice versa. At each mole spacing, the Piezometric head decreases as the time advances after irrigations. However, the 10 m mole spacing achieved the best significant results over the 15 and 20 m spacing. -The highest yield (2737 kg/fed) was obtained by using compost, 10 m distance among moles and 0.5 m moles' depth. -Decreasing distance among moles, increases yield, penetration resistance (PR), hydraulic conductivity (Kh) and infiltration rate. -Increasing mole depth, increases yield, (Kh) and infiltration rate while decreases (PR).
INTRODUCTION
Wheat is the first popular crop not only in Egypt but also in the world. The cultivated area of wheat in Egypt reached about 2920384 fed. during 2007/2008. This area produced about 7885036 Mg of grain yield according to "Important Indicators of The Agricultural Statistics (2009)". Walter et al. (1979) reported that subsurface drainage improves the moisture and aeration conditions of the soil resulting in increased crop production.
For many centuries, it has been noticed that the capacity of soils to produce crops is affected by the amount of soil content of organic matter (Abdel-Gaffar, 1982) . The organic matter of soil is a key attribute of its fertility. The addition of organic materials such as, crop residues play an important role in the recycling of nutrients (IAEA, 2003) . Plant residues are essential for maintaining soil productivity acting as a source of nutrients (Kumar and Goh, 2000) .
In Egypt, Hamdi and Alaa El-Din (1982) stated that about 11 million Mg of agricultural residues per year are produced by different crops. Most of these residues are rice, wheat straws, cotton, maize and sorghum stalks. The utilization of these residues at present is largely for burning, industry or as animal feed. Little is composted as organic manure. Also, it is beneficial to use organic materials on a large scale in agriculture especially with the recent rises in prices of the chemical fertilizers which have affected the agricultural production throughout the world and had a violent impact on Egypt.
The organic matter can increase soil productivity by improving soil physical and chemical properties and release nutrients to the soil mostly through plant residues decomposition (Goh et al. 2001) . Gilley and Risse (2000) reported that the farm crop residue must be grinding before adding to the soil as a fertilizer to reduce the runoff and soil erosion. Nigm, et al. (1996) found that water holding capacity tended to increase proportionally by increasing the quantity of saw-dust mixed with soil. They concluded also that saw-dust is a beneficial amendment to improve the physical properties of soils.
The main objective of this work was to study the effect of different types of mole drains composition on clay soil properties and/or wheat yield improvement.
MATERIALS AND METHODS

The experimental site:
During the winter season of 2010, a field experiment of about 2.5 fed. (10800m2) area was carried out at Al-Gemmeiza Agric. Research Station, Al-Gharbia Governorate. The soil characteristics of the experimental site are presented in Tables (1) and (2). 
Seed bed preparation:
The seed bed was prepared using the chisel plough in two perpendicular directions at 0.20 m depth, followed by rotary plough. Then, the soil was leveled using a hydraulic land leveler.
Underground moles holing:
A locally manufactured ditcher was used to hole underground moles. The ditcher was operated using a Ford-Tw 10 tractor (90 kW). Fig. (1) reveals the outlook of ditcher components.
The completed conformations of compost, sand and mixed "compost + sand 1:1" were placed into underground moles of 0.65 m width with a rate of 25 to 80 m 
Treatments:
The experimental site included; Three different added materials inside underground moles: compost (as rich materials with organic mater), sand, and mixed compost and sand "1 : 1" (A) Three distances between moles: 10 m, 15 m and 20 m (B) Two mole depths: 0.3 m and 0.5 m (C). Therefore, the different treatments (Ti) may be classified as follows:
Treatments symbols
Treatments components T1 *A1 *B1 *C1 T2 A1 B1 C2  T3  A1 B2 C1  T4  A1 B2 C2  T5  A1 B3 C1  T6  A1 B3 C2  T7  A2 B1 C1  T8  A2 B1 C2  T9  A2 B2 C1  T10  A2 B2 C2  T11  A2 B3 C1  T12  A2 B3 C2  T13  A3 B1 C1  T14  A3 B1 C2  T15  A3 B2 C1  T16  A3 B2 C2  T17  A3 B3 C1  T18 A3 B3 C2 
Wheat mechanical drilling:
The selected wheat seeds of Gimmeza 10 variety were mechanically drilled at a rate of 50 kg/fed. using a TYE type seed drill, which was operated using 45 kW Nasser tractor. Then, all the agricultural practices were applied according to the recommendations of the Wheat Res. Dept., Field Crops Inst., Ag. Res. Center, Ministry of Agriculture and Land Reclamation.
The basal doses of N, P, K were applied according to the recommendations of Al-Gemmeiza Res. Station.
Measurements: Penetration resistance:
A Japanese cone penetrometer, model SR-2Dik 5500 was used to measure the penetration resistance. This measurement was done 4 times. The first 3 times, each one was taken 10 days after the primary three irrigations, while the latest was taken directly before harvesting.
Soil bulk density:
Soil bulk density (Db, g/cm3) was determined using the core methods (Vomocil, 1986) Hydraulic conductivity:
Hydraulic conductivity (cm/h) was determined using undisturbed soil cores using a constant water head, settling percentage of the soil aggregates was determined in soil aggregates of 2-5 mm size, as the method described by Williams and Cooke (1961) and soil moisture characteristics were determined using the method outlined by Stakman (1969) .
Soil pH:
Soil pH in soil water suspension (1:2.5) and soil electrical conductivity (EC, dSm-1) in soil paste extract were measured.
Infiltration rate:
It was measured by using cylinder method (double ring) infiltration, (Garcia, 1978) .
Piezometric head:
The Piezometric head was measured according to Israelsen and Hansen (1962) by driving a pipe of 3.81 cm inner diameter and 100 cm length in a drilled hole, to a constant horizontal level in all test points of the field. Three piezometers were installed in each treatment to observe the Piezometric head. Measurements were taken at 1, 3, 5 and 10 days after irrigations. Actual water consumptive use (CU):
Actual water consumptive use (CU) of wheat crop was determined. Gravimetric soil samples, from soil surface down to 60 cm depth, were collected after sowing, before and after each irrigation and at harvest time to determine water consumptive use values. The CU value was calculated according to Israelsen and Hansen, 1962 as follows:
Where: CU = seasonal water consumptive use (cm), 2 = soil moisture content after irrigation (on mass basis, %), 1 = soil moisture content before irrigation (on mass basis, %), b = Soil bulk density (g/cm3), D = Depth of soil layer (15 cm each), and i = Number of soil layer.
Water Use Efficiency "WUE"
Water use efficiency (WUE) was determined according to Awady et al. (1976) and Bos (1980) 
Statistical analysis
Statistical analysis was done for the experiment according to Bisher and El Robi (1979) .
RESULTS AND DISCUSSION
Penetration resistance (PR)
Table (4) shows the effect of added materials (compost, sand and mixed material of compost and sand) on soil penetration resistance. Data indicated that the penetration resistance values varied in a small range between 2.29 and 2.46 MPa. Higher penetration resistance (PR) values were attained using the sand, where smaller values were obtained with compost treatment. For the mixed added materials the PR values were in between treatments. Mole depth affected the PR values. Increasing mole depth decreases (PR) values. On the other hand, decreasing distance between moles decreases (PR) values for all treatments. In general, PR values in all treatments were less than the control treatment (3.01 MPa).
Soil bulk density (Db)
Data in Table (5) shows effect of different treatments on bulk density values. Data indicated that, Db values varied between 1.24 and 1.37 g/cm3. The highest value obtained from treatment No. 18 but the lowest obtained from the first treatment. Generally it may be concluded that for all treatments the lowest values of Db were obtained with compost treatments where the highest values were obtained with sand treatments. While the mixed added material (sand + compost) treatment values lied in between the compost and sand treatments.
Decreasing distance between moles decreases Db values but increasing depth of moles decreases Db values.
Also, data indicated that, Db values in all treatments were less than the control value (1.38 g/cm3).
Hydraulic conductivity (Kh)
Hydraulic conductivity is affected by any factors which have effect on soil porosity such as addition of sand or compost and mole depth or distance between them.
Data in Table (6) shows the effect of different treatments on soil hydraulic conductivity. Soil hydraulic conductivity (Kh) values varied between 0.58 and 0.78 cm/h. Maximum value was obtained with the compost treatment, 0.5 m mole depth and 10 m distance between moles, but the minimum value was obtained with the control treatment, also with the sand added treatment and 20 m distance between moles.
It can be concluded that increasing mole depth increases Kh, while decreasing distance between moles increases values of Kh.
The highest values of Kh were obtained with the compost treatment, but the lowest values were obtained with the sand treatment.
Soil pH
Table (7) shows soil pH values with different treatments. Data indicated that using compost added material decreases soil pH values. Using sand and mixed added causes small effect on soil pH, and there no clear trend with the different treatments. Control  T1  T2  T3  T4  T5  T6  T7  T8  T9  T10  T11  T12  T13  T14  T15  T16  T17  T18 Infiltration rate,
mm/hr
Compost Sand Mixed
Fig. 3: Infiltration rate values at different treatments.
Data in Fig. 3 indicated that infiltration rate values varied between 35.0 and 44.0 mm/hr, while the control treatment was 15.0 mm/hr. Generally it can be said that, added materials, distance between moles and depth of moles had clear effect on infiltration rate values. The highest values were obtained with the sand but the lowest were obtained with Piezometric head compost while mixed added treatment was in between. Increasing mole depth increases infiltration rate values while increasing distance between moles decreases infiltration rate values.
It can be concluded that infiltration rate values were very high with all treatments compared with the control treatment.
Piezometric head
The Piezometric head for the mole depths of 0.3 and 0.5 m treatments was not significantly different; while it was significantly different for the mole spacing of 10, 15 and 20 m. The added materials of sand and/or mixed treatments had also no significant effect on the Piezometric head; while the compost treatments affected significantly the Piezometric head. Fig. 4 indicates the Piezometric head for different treatments summarized over the significant results of compost treatments.
It may be concluded that the Piezometric head increases as the distance among moles increases and vice versa. At each mole spacing, the Piezometric head decreases as the time advances after irrigations. However, the 10 m mole spacing achieved the best significant results over the 15 and 20 m spacing. Actual water consumptive use (CU) Actual water consumptive use (CU) was about 4425 m 3 for all treatments because there was no difference between irrigation treatments.
Yield
Table (8) shows the effect of different treatments on yield. Data indicated that highest yield (2737 kg/fed) was obtained by using compost addition, 0.50m depth and 10 m distance between moles. While the lowest value (1510 kg/fed) was obtained with the control treatment. Also data indicated that, depth of moles and distance between them has significant effect on yield. Increasing distance between moles decreases yield, while increasing depth of moles increases yield. On the other hand, compost treatment achieved the highest yield, but the sand treatment yielded the lowest value while the mixed treatment was in between.
Water use efficiency (WUE)
Data in table (8) shows the water use efficiency (WUE) for the different treatments. WUE values varied between 0.34 and 0.62 kg/m3. The highest value was obtained with the compost addition, 10 m distance between moles and 0.5 m depth of moles; while the lowest value was obtained with the control treatment. It has been noticed that mole depths and distance among moles had strong effect on yield and WUE. Increasing mole depth increases yield, while increasing distance between moles decreases yield. On the other hand the compost treatments produced maximum yield but the minimum values were attained with the sand treatments; while yield values were in between for the mixed addition. The same trend was obtained for the WUE.
Statistical analysis
The regression analysis for the effect of addition type, distance between moles and moles depths on wheat crop yield cleared the high significant effect between the studied parameters interactions in crop yield. Also the analysis explain that the addition type and the distance between moles have the inversely proportion to the wheat crop yield while the mole depth has a directly proportion. From the regression analysis the distance between moles is the high effect on the wheat crop yield then the mole depth and the last effect is the addition type. 
Conclusions
The following conclusion may be drawn: Soil -Increasing mole depth decreases penetration resistance (PR) while increases infiltration rate and soil hydraulic conductivity (Kh). -Increasing mole distance decreases (Kh) and infiltration rate, while increases (PR). -Compost has the highest effect on improving clay soil, while sand has the lowest effect and the mixed "compost and sand" was in between. -The Piezometric head increases as the distance among moles increases and vice versa. At each mole spacing, the Piezometric head decreases as the time advances after irrigations. However, the 10 m mole spacing achieved the best significant results over the 15 and 20 m spacing. Yield -The highest yield (2737 kg/fed) was obtained by using compost, 0.5 m mole depth and 10 m distance between moles. Water Use Efficiency (WUE) -Maximum value of WUE (0.62 kg/m3) was obtained with the compost, 0.5 m mole depth and 10 m distance between moles. Statistical analysis: -Regression analysis indicated that, the distance between moles has the highest effect on crop, then the mole depth and the added materials has the lowest effect.
